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Abstract
The majority of the temperature increase in Tokyo over the last century can be attributed to the heat island effect.
This is caused primarily by the covering up of natural land by roads and buildings, which absorb heat during the day-
time and re-release it at night. One countermeasure is therefore to attempt to reverse this by carrying out a process of
greenification. This was discussed in an earlier paper. Besides greenification, though, there are other practical methods
available. These include utilizing the wind paths along rivers ; making use of mountain and sea breezes and ‘cool’ is-
lands ; “dry mist” (whereby fine droplets of water are released from a height of about four meters) ; and ‘uchimizu’ (the
traditional activity during which water is splashed over a road in order to cool it) and the modern high-tech version in
which chemicals are added to the road-making materials so as to retain water and thereby allow the cooling effect of
evaporation to take place over a longer period of time. This paper considers the non-greenification options for mitigat-
ing the heat island effect.
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Introduction
A heat island refers to the situation in which
the temperature in the central part of a city is
greater than in the surrounding suburbs. Its ba-
sic cause is the covering of natural land (consist-
ing of soil and greenery) by asphalt roads and
buildings, which prevents the cooling produced
by the evaporation of water held in the greenery.
It is then aggravated by the excessive use of
airconditioners in the city, which releases heat to
the atmosphere.
In Tokyo, the average temperature over the
20th century rose by around 3℃. (Mikami 2005 a :
8,9) Although some of this can be attributed to
the effect of global warming (approximately 1℃),
the majority is due to the heat island phenome-
non. This can lead to various effects such as the
increase in torrential rainfall and the deteriora-
tion of the living environment e.g. by increasing
the number of nettaiya, so-called ‘tropical nights’
on which the temperature fails to fall below 25℃.
The causes and effects are discussed in greater
detail in another paper (see Harrison 2013).
In recent years various countermeasures have
been adopted in attempts to mitigate the effects
総合政策研究 第 22 号（2014.3） 57
of urban warming. Since one cause of the heat is-
land effect is the loss of greenery during urbani-
zation, some techniques focus on replacing this
greenery e.g. by constructing green roofs. Such
techniques are described in detail elsewhere (see
Harrison 2013). Other techniques include the utili-
zation of natural phenomena such as water
evaporation and wind flows, and will be the main
concern of the current paper.
Rivers and wind paths
Ojima (2002 : 87) describes research carried
out in Fukuoka in 1996 that compared tempera-
tures along a river and a parallel road 400 meters
away with a sea breeze blowing in the same di-
rection. The temperatures at the river were sub-
stantially cooler, but the difference between the
two at various points depended on whether build-
ings blocked the cooling effect of the breeze. The
path of the breeze which naturally produced the
cooling effect was termed the ‘kaze no michi’, or
wind path. In 1994-95, the city of Kitakyushu re-
ceived subsidies from the national government to
plant trees in the central part of Kokura ; how-
ever, some of the money was used to renovate a
department store’s building in such a way that
the building would be lower and thus allow the
cooling breezes to travel unhindered. (Ojima
2002 : 87-90) Besides creating a pleasant environ-
ment for local people, the project also contributed
to mitigation of the heat island effect.
Tokyo used to be a city with plenty of water ;
in 1909 the lengths of the small and medium-sized
rivers in the 23 wards of Tokyo totaled 860 km.
However, with industrialization and rapid urbani-
zation, this fell to 671 km during the 20th century.
(Ojima 2002 : 90-91) Since water flows under the
ground where it has been covered by roads etc.,
Ojima claims it would be relatively simple to revi-
talize the rivers to produce a pleasant environ-
ment ; naturally, there would also be a cooling ef-
fect. This has indeed been carried out in some
places e.g. Tamagawa Jōsui. If there are open
spaces where trees can be planted, the green
areas with the rivers can act as a ‘cool island’ that
helps counteract the heat island effect. Ojima ad-
vocates undertaking such projects revitalizing
rivers, adding greenery and establishing wind
paths in central metropolitan areas along rivers
such as Nihonbashigawa and Shibuyagawa.
(Ojima 2002 : 93)
As stated, the surface temperature of rivers is
lower than that of surrounding urban areas of
buildings and roads. In cases where an elevated
road or highway runs directly above a river and
follows its course, the temperature can be as-
sumed to be higher. Conversely, if such a road is
removed and the river thus restored to its origi-
nal open state, a drop in temperature could be ex-
pected. Indeed, such a situation arose in recent
years in Seoul, South Korea. (Segawa 2007 ; Ni-
hon Kensetsu Gakkai 2007)
The Cheonggyecheon river used to flow for
about 11 kilometers through central Seoul, with
one stretch approximately 6 kilometers long be-
ing hidden below an elevated highway. Built a
few decades ago, the road was in need of serious
repair, but the metropolitan government decided
instead to demolish the road and return the river
to its natural state. This was completed in 2005 at
a cost of approximately 45 billion yen. The rede-
velopment program has been generally regarded
as a success, providing a much more pleasant en-
vironment which attracts visitors at weekends.
Some Japanese researchers from the National
Institute for Environmental Studies monitored
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the changes in the thermal environment accom-
panying the river restoration work, paying par-
ticular attention to the distance which the cooler
air traveled. The effect was amplified by sea
breezes from the west which naturally flow along
the course of the river, carrying the air along the
river and along the roads traversing the river.
When the wind was strong, roadside tempera-
tures fell by up to one degree, with the cooling ef-
fect noticeable for up to 80 meters from the river.
This raises the question of whether such a plan
might be feasible in Tokyo. In 2005, researchers
from the Ministry of Land, Infrastructure and
Transport studied the effect of sea breezes along
the Nihonbashi river in central Tokyo. The
breezes slowed where the elevated Metropolitan
Expressway runs over the river, with a tempera-
ture difference between the two banks of one de-
gree.
There would be an additional reason for possi-
bly demolishing the above stretch of highway be-
sides a general upgrading of the environment
and the mitigation of the heat island effect. Nihon-
bashi has a special historical role ; the bridge has
traditionally been the point from which all dis-
tances are measured in Japan, and has frequently
been depicted in famous woodblock prints. The
original wooden bridge was built at the start of
the Edo period (1603), while the current granite
building was built in 1911 and has since been des-
ignated a national important cultural property.
The elevated section of the Tokyo Metropolitan
Expressway was constructed in 1963. (Ichijo
2006) Calls for relocation of the elevated road go
back to 1983 (Koyama 2007), and in 2002 various
local interested groups amalgamated to form an
organization for the preservation of Nihonbashi.
(Nihon Keizai Shinbun 2002) In 2005, the then-
prime minister, Junichiro Koizumi, gave his
strong support to a move to relocate the elevated
highway, including moving it underground. This
might be difficult, though, as there are subway
lines etc. using the land below the surface. Al-
though various plans began to be considered and
local residents were in favor of relocation, it is
likely that the huge costs involved (estimated at
300 to 650 billion yen) may be too great. (Ichijo
2006)
Mountain and sea breezes
So-called “climate atlases” have been used in
Germany in town planning since the 1970 s.
(Moriyama & Tanaka 2004 : 148) In these, wind
flows are marked as arrows on a map showing to-
pographical features and land use. The aim is to
make use of the natural course of winds for cool-
ing and for the dispersal of pollutants. In inland
towns, at night the air over the hills and slopes
becomes cool and a breeze can flow down into
the town below. If buildings do not block the
breezes thus formed, the breezes can produce
cooling across the town in the direction of wind
flow. By monitoring the direction of the flows and
then planning urban construction appropriately
(e.g. leaving space between buildings), the town
can be cooled naturally on hot summer evenings.
One place often quoted as an example is
Stuttgart in Germany ; in Japan similar surveys
have been carried out in Nagano city (Ichinose
2007). A similar approach is also possible in
coastal areas (e.g. in Tokyo) to allow the penetra-
tion of sea breezes into inland areas. (Moriyama
& Tanaka 2004 : 150-152)
On summer days in Tokyo, the prevailing
winds are from the south and southeast ; that is,
they blow from the sea to the land. At night, how-
ever, they blow in the opposite direction i.e. from
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the land to the sea. (Moriyama 2005 : 80-81) In ur-
ban redevelopment projects, Moriyama urges
that the paths of these winds be considered when
deciding on the heights and locations of buildings.
This includes along the banks of rivers, which
themselves can act as wind paths.
In 2007, the Ministry of Land, Infrastructure
and Transport began to use software which can
simulate wind flow and calculate the effects of
measures taken to relieve heat. It can determine
the best positions of buildings so that they do not
block the wind flow, as well as where green belts
could be best located. (Sasaki 2007 : 5) One possi-
ble drawback is that action taken to reduce the
temperature in one place might raise the tem-
perature in another location.
Cool islands
Within heat islands there may be spots which
act as ‘cool islands’. One example is the Shinjuku
Gyōen park, which consists of grass, trees and a
pond. At night, this cools down (mainly the
grassed areas) ; since there are no obstacles in
the surrounding air, the heat is able to escape. In
observations carried out in the first week of Au-
gust one year, a 3℃ temperature difference was
found between points in the park and outside. In
the evening a light breeze then suddenly started
to carry the cooler air to outside the park, bring-
ing the temperature down within an area of up to
80 or 90 meters. (Mikami 2005 b : 74) On the
other hand, in the daytime the southerly breeze
carried the cooler air to the north, thereby lower-
ing the temperature in the built-up area. Unfortu-
nately there are many high-rise buildings block-
ing the path of the breezes in Shinjuku, which re-
duces the cooling effect, but the phenomenon
should be borne in mind when any redevelop-
ment plans are drawn up (e.g. by having wider
tree-lined roads). The existence of this effect can
be seen in other areas of open greenery, such as
the grounds of the Imperial Palace and the adja-
cent parkland, and can be utilized when redevel-
oping areas nearby (e.g. Marunouchi). There are
plans to install water-retaining pavements and
sprinklers along the wide road that connects the
Imperial Palace to Tokyo station in the hope that
this will draw out the cooler air from the palace
grounds. (Sasaki 2007 : 3)
Dry mist
Cooling techniques involving water tend to be
based on the fact that the evaporation of water
produces cooling since the conversion from liquid
to vapor requires the expenditure of latent heat.
One such technique is known as “dry mist”,
which involves the spraying of very fine droplets
of water (about 0.016 mm in diameter) through a
small nozzle at a height of two to four meters
above ground ; because the water droplets are so
fine, they evaporate before coming into contact
with the walls of the building or people walking
below, and the person feels the descending cool
air rather than becoming wet. The perceived
temperature drop can be of the order of 3℃.
(Asahi Shinbun 2007) Experimental arrange-
ments were set up at a couple of railway stations
in the Tokyo area in 2007 (Higashi Ōjima station
on the Tōei Shinjuku line, and Futamatagawa sta-
tion on the Sagami Tetsudō line). At Higashi
Ōjima, a total of 40 nozzles were employed, and
the system was active when the temperature
rose above 27℃ with humidities under 85%. A
temperature drop of 3 degrees was observed and
met with approval from passengers.
The system is not entirely free of problems,
however. Besides the nozzles becoming dirty, it
was found that when the wind was blowing in
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certain directions the mist was not dispersed
properly, and water droplets could actually fall on
passengers. However, the potential of the tech-
nique appears considerable. In 2003, researchers
at Tokyo Rika University stated that the thermal
efficiency was twenty times that of air-
conditioners. (Asahi Shinbun 2007)
Such systems are not restricted to stations.
When the Shin-Marunouchi Building was con-
structed near Tokyo station, dry mist devices
were installed in a position to cool down passers-
by on hot summer days. (Sasaki 2007) Similarly,
the devices can be utilized in public areas e.g. a
shopping area in Shinagawa-ku and an open area
near Akihabara station (Tokyo Metropolitan Gov-
ernment 2006) as well as on residential buildings.
(Asahi Shinbun 2007)
Uchimizu
Traditionally in Japan, in a practice known as
uchimizu, shopkeepers have thrown water on the
streets to suppress dust and to clean the street in
order to welcome visitors. An additional effect of
such a custom is to briefly reduce the tempera-
ture due to evaporation of the water. In recent
years the custom has been revived and expanded
by various NGOs as they seek to demonstrate the
technique’s value in mitigating the heat island ef-
fect. One example is the “Uchimizu Daisakusen”
which began in 2003 with the purpose of showing
how individual people working together could
help to combat the worsening heat island effect.
(Uchimizu Daisakusen 2006) At an agreed time, a
large group of people would congregate and
throw buckets of water on the street, and the re-
sultant effect monitored.
(The water used in such events is not tap
water. Rather, the NGOs seek to demonstrate
that the cooling effect can be achieved by recy-
cling water from other sources e.g. rain water,
leftover bath water, river water, excess water
from swimming pools etc.). In 2005, the organiz-
ers observed temperature drops of 1.5℃ in front
of Shinbashi station and 2.3℃ at Chūō Dōri in the
Ginza ; in a survey, approximately 85% of partici-
pants stated that the temperature drop was no-
ticeable, while only 35% said they could feel a rise
in the humidity as the water evaporated.
The events have not been restricted to Tokyo ;
they are held throughout Japan. Following news
reports of the uchimizu which appeared in for-
eign media, the custom has also been demon-
strated abroad (e.g. Paris in 2005).
The organizers believe the uchimizu events
serve an educational purpose. They have noted
that the topic has been brought up in school
classes, and that the uchimizu events are an en-
joyable way of teaching schoolchildren the phys-
ics of the effects of water evaporation while at
the same time making them aware of the heat is-
land and global warming problems.
The technique underlying uchimizu was also
used on a larger scale during the scorching sum-
mer of 2007, when trucks plied the highways in
central Tokyo spraying water on the road sur-
faces in order to bring down the temperature.
(Asahi TV 2007)
A somewhat high-tech version of uchimizu has
also been developed using road surfaces that are
porous. Such pavement materials were originally
developed in order to increase safety during bad
weather by allowing excess rain water to be
drained away from the road surface instead of ly-
ing in puddles on highways. However, the porous
surfaces also have additional benefits. After rain
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falls, the road surfaces are wet, and the subse-
quent evaporation produces a cooling effect, but
this occurs only for a very limited time as all the
water on the hard road surfaces evaporates rap-
idly. In July 2004, it was announced that porous
surfaces had been developed which contain ab-
sorbent polymers (in fact, the same materials that
are used as absorbents in babies’ nappies).
(Mainichi Shinbun 2004, Yomiuri Shinbun 2004)
The rain enters the voids in the asphalt and be-
comes absorbed ; evaporation then takes place,
but due to the absorbents the rate is greatly re-
duced, and the evaporation (and hence cooling ef-
fect) is spread over a relatively long period. Tests
have shown that the temperature at the road sur-
face itself can be reduced by as much as 25℃,
which translates into a temperature drop felt by
the body of around 2~3℃. The first road surfaces
with these materials were laid in Tokyo in 2005.
Besides roads, tests are being carried out on
walls that have water-absorbing hydrophilic
properties. (Sasaki 2007 : 3)
Heat transfer
In the same way that cooling water is used to
transfer heat in a car radiator, heat can be re-
moved from the city. (Sadohara 2005 : 89) The
heating and cooling systems for several buildings
can be grouped together, and instead of releasing
the heat into the atmosphere, the heat can be
transferred to water, and the water then passed
into rivers or the sea. There is a plan to imple-
ment such a system in the area around Tokyo
station (Ōtemachi, Yurakuchō and Marunouchi).
The use of seawater for cooling is already em-
ployed at a power station operated by Tokyo
Denryoku in Shinagawa. (Sadohara 2005 : 90)
Conclusion
The various countermeasures described here,
plus the techniques concerning greenification in a
previous paper (see Harrison 2013) seemed at
first to have alleviated some of the effects of the
heat island. Certainly in Tokyo the number of
tropical nights began to fall on a five-year aver-
age, and other cities (e.g. Osaka) started to exhibit
the same tendency when introducing measures
to counteract urban warming. (JMA, Japan Mete-
orological Agency) Unfortunately there was then
again a rise in tropical nights. It is thus hoped
that enhanced mitigation procedures may start
to reverse the trend.
There is perhaps one other point that is wor-
thy of comment. In recent years a number of peo-
ple have complained that with urbanization, the
Japanese people have tended to lose some of their
ability to work together for a common cause.
However, with regard to activities concerning
the heat island phenomenon, we can see various
levels of society working towards the same goals
and in cooperation with others. Perhaps the best
example is the cooperation at the level of the indi-
vidual and small groups (shopkeepers and NGOs)
in the uchimizu activities. At the other end of the
scale, the government has also become involved
e.g. with the establishment of regulations requir-
ing green roofs on large buildings, the laying of
porous surfaces on roads, and the consideration
of wind flows in town planning.
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